We illustrate the color Doppler sonographic findings in primary cutaneous Merkel cell carcinoma. Eight cases (4 female and 4 male; mean age, 75.4 years) were collected. The most common affected regions were the face (63%) and the hip/buttock (25%). The mean transverse diameter and thickness were 21 and 14 mm, respectively. Fifty percent were oval, and 50% were dome shaped. All lesions were hypoechoic, with variable degrees of heterogeneity. All but 2 lesions were poorly defined. An acoustic reinforcement artifact was present in 3 and epidermal thickening in 2. All tumors had prominent and chaotic hypervascularity with arterial vessels (mean peak velocity, 11 cm/s; mean resistive index, 0.57).
F irst described in 1972, Merkel cell carcinoma is a relatively rare cutaneous tumor of neuroendocrine origin. Most patients are older than 50 years, with a mean age at diagnosis of around 70 years, and there is a moderate prevalence of male patients. [1] [2] [3] [4] [5] Merkel cell carcinoma has been reported as more common in patients with light-skin, under immunosuppression status and/or with history of malignancies. 2, [6] [7] [8] The number of Merkel cell carcinoma cases is rising, probably because of a growing elderly population and the more frequent use of immunosuppressive therapies. 9 Additionally, Merkel cell carcinoma frequently had an aggressive behavior, with a high incidence of local recurrence as well as nodal and distant metastatic disease. The 5-year survival rates are 64% for local disease, 39% for regional nodal involvement, and 18% for distant metastatic disease. 10 Consequently, early diagnosis and prompt assessment of the locoregional extent are of paramount importance to improve patient survival. 11 Merkel cell carcinoma tends to be overlooked in the early stage. 12 Sonography is being used with increasing frequency in the assessment of skin tumors. [13] [14] [15] [16] It supports the clinical diagnosis and provides information on the exact tumor location, extension, vascularization, and deeper tissue involvement. These data are useful for the surgeon to obtain the best oncologic as well as cosmetic results.
Materials and Methods
We performed a multicenter collection of histopathologically proven cases of primary cutaneous Merkel cell carcinoma provided by members of the DERMUS (dermatologic ultrasound) international group.
The Institutional Review Board approved the study, and informed consent was waived because of the retrospective nature of the study.
Demographic clinical information included patient sex and age, body site of the lesion, and type of histopathologic confirmation (fine-needle aspiration cytologic analysis, scraping cytologic analysis, biopsy, or excision).
Ultrasound Equipment, Technique, and Settings All lesions had been investigated with a variety of up-todate scanners equipped with high-frequency transducers (upper range from 15 to 22 MHz). A pad of gel was applied to adjust the focus in the near field. Lesions were scanned along their longitudinal and transverse axes, and several pictures and videos were stored, following the guidelines for studying dermatologic lesions. 17 The settings for color and power Doppler imaging included slow flow, a high transmission frequency, a low pulse repetition frequency, a minimum wall filter, color gain set just below the noise threshold, and minimum pressure for detecting superficial vascularity without compression.
Evaluation of the Sonographic Characteristics of the Primary Lesion
On grayscale, color Doppler, and power Doppler sonography, the following sonographic features were included in the analysis:
1 The transverse diameter ranged from 4 to 41 mm (mean, 21 mm), whereas the thickness ranged from 3 to 29 mm (mean, 14 mm). All lesions tend to be larger in the transverse axis than in thickness, although in several cases, the difference between the measurements was very small. With regard to shape, 50% (4 of 8) were oval, and the remaining 50% were described as dome shaped.
All lesions were hypoechoic, with 2 homogeneous, 2 heterogeneous, and 4 slightly heterogeneous ( Figure 1 ). All but 2 lesions showed poorly defined margins. None had calcifications. Thirty-eight percent (3 of 8) showed a slight posterior acoustic enhancement, whereas the remaining group had no posterior artifacts. The regional epidermis was slightly thickened in 25% of cases (2 of 8) and unremarkable in the remaining lesions. No cases with epidermal thinning or ulceration were detected.
On color/power Doppler imaging, all but 1 lesion showed rich vascularization, and all lesions had a chaotic vascular architecture (Figures 2-4 ). Spectral Doppler analytic data were fully available in 5 cases (maximum velocity and resistive index) and partially available in 1 (maximum velocity only). All 6 sampled lesions had arterial vessels with a peak systolic velocity that ranged from 6 to 19 cm/s (mean, 11 cm/s) and a resistive index that varied from 0.4 to 0.81 (mean, 0.57; Figure 5 ). Twenty-five percent (2 of 8) had lymph node metastases. No cases with simultaneous satellite nodules or cutaneous metastases were detected.
Discussion
To our knowledge, this report is the largest series of cases that describe both grayscale and color/power 
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Doppler features of Merkel cell carcinomas. The predominant facial location present in our cases is in agreement with clinical reports that describe involvement of the head and neck in up to 50% of cases.
2,3,18
Clinically, Merkel cell carcinoma usually presents as an asymptomatic, rapidly expanding, firm elastic, domeshaped nodule. 19 The color ranges from pink to purplish, and the surface may be smooth, shiny ortelangiectatic. 9, 12, 20 At least at the beginning, the look of the lesion may be apparently innocuous to patients, who may not seek medical attention.
Noninvasive and presurgical knowledge of the major tumor dimension of Merkel cell carcinoma may support the staging, which would be relevant in these cases, considering that our series had a mean maximum tumor dimension that corresponded to stage 2. Moreover, 2 cases showed regional lymph node metastases on sonography. Merkel cell carcinoma is staged as follows: T1, less than 2 cm in maximum tumor dimension; T2, 2 to 5 cm in maximum tumor dimension; T3, greater than 5 cm in maximum tumor dimension; and T4, primary tumor invades bone, muscle, fascia, or cartilage. 21 A definitive diagnosis of Merkel cell carcinoma is based on characteristic pathologic findings, complemented by positive cytokeratin 20 and thyroid transcription factor 1 immunostaining. 22 The differential diagnosis should include, most of all, squamous cell carcinoma, nonpigmented melanoma, lymphoma, and dermatofibrosarcoma protuberans, which can be also studied on sonography. 16, 23 Excision of the primary tumor represents the current treatment of choice in patients with Merkel cell carcinoma, although discrepancies exist in the literature regarding the appropriate excision margin. 2, 5, 9, 22 Sonography may potentially help in the assessment of an adequate excision margin, by determining the exact extent of the primary tumor and by recognizing satellite nodules. 23 Due to the rapid growth and the relatively nonspecific clinical appearance, Merkel cell carcinoma is frequently removed surgically without a defined diagnosis, and the appropriate tumor type is only recognized on the postoperative histologic specimen. 20, 24 In these cases, re-excision with a wider margin may be necessary, 25 and sonography may also support these cases. Positron emission tomography/computed tomography is usually performed to detect regional lymph node and distant metastases, both during staging and follow- up of patients with Merkel cell carcinoma. 4, 5, 11, 12, [24] [25] [26] [27] Sonography has been successfully used in a minority of the cases reported in the literature, predominantly for detecting regional lymph node or cutaneous metastases. 18, 24, 25, [28] [29] [30] In addition to the locoregional staging and follow-up, sonography can guide the cytologic sampling of the abnormal lymph nodes. 25, 27, 30 This imaging technique has been recommended as the firstchoice imaging modality to assess for lymph node metastasis, a before sentinel lymph node biopsy procedure. 22, 24 However, to date, very little has been reported on the sonographic features of primary Merkel cell carcinoma. In a series from Peloschek et al, 24 11 of 16 patients had sonography, but this imaging modality was only applied to the regional lymph nodes, mainly because most of the series was composed of postsurgical cases, which were observed only after excision of the primary tumor. In a 1996 series from Eftekhari et al, 1 diagnostic imaging from the primary tumor was available in as little as 10 of 93 patients. These studies included conventional radiography, sonography, and computed tomography. Sonographic features were those of slightly to markedly hypoechoic nodules with variable degrees of sound transmission. The lesions originated in the dermis and grew predominantly in the subdermis with their epicenter. No mention is made of color Doppler findings in that article. 1 Very recently, Hern andez-Arag€ u es et al 23 reported the B-mode and color Doppler findings in 6 cases of primary cutaneous Merkel cell carcinoma. In the latter series, Merkel cell carcinoma was described as a heterogeneously hypoechoic poorly defined hypervascular lesion of the dermis and hypodermis. The overlying epidermis was thickened in most cases, as it also was in 2 of ours. Posterior acoustic enhancement was seen in 5 of 6 cases from Hern andez-Arag€ u es et al, 23 as in 3 of 8 of ours. On grayscale imaging, these authors described hypoechoic highly vascularized vertical bands in 2 cases, which could be recognized in some of our images.
It is interesting to note that in 4 of our cases, the overall appearance of the tumor was hypoechoic, but we could note a bilayered appearance. There was a superficial layer appearing as oval and well defined, protruding over the skin surface and moderately hypoechoic, but there was also a deeper layer, which appeared as poorly defined and markedly hypoechoic. We hypothesize that the latter layer corresponds to the tumor infiltration of the subdermis. This layered appearance was inconstant in our series and can be seen also in other skin malignancies. 13 However, also looking retrospectively at the images published by Hern andez-Arag€ u es et al, 23 we believe that a double-layer appearance can be a frequent feature of Merkel cell carcinoma, although different areas of echogenicity may be detected also in other benign and malignant cutaneous tumors, predominantly hypervascular tumors. 16 Merkel cell carcinoma typically shows rich vascularization at pathologic analysis, which can be due to hypertrophic peritumor and intratumor vessels and can generate strong contrast enhancement on magnetic resonance imaging. 31 All but 1 of our cases had rich vascularization, including a 4-mm lesion that showed a chaotic and irregular vascular architecture in the tumor. However, in several images, we could note a tendency to a vertical disposition of the major vessels, a feature that has been reported in other malignancies such as soft tissue lymphoma. 13 Complete data from spectral analysis were available for 5 of our cases. In 4 of them, we identified low-velocity, low-resistance arteries, a finding that is seen also in other soft tissue malignancies. 13 
